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AN ELECTRON BEAM DIAGNOSTIC FOR THE LOS ALPllOSFREE-ELECTRON LASER OSCILLATOR EXPERIMENT*

R. L. Sheffield, AT-7, MS-H825
Los Alamos National Laboratory, Los Alamos, New Mexico 87545 IJSA
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An electron beam diagnostic for the Los Alamos

free-electron laser (FEL) oscillator experiment has
been used to measure the time dependence of the elec-
tron energy distribution in a 1OO-JM time interval.
The electron beam consists of macropulses that nave a
duration of 100 us and a repetition rate of 1 Hz.
Each macropulse consists of a series of micropulses
that have %30 ps duration, tiO A peak current, and
%50 ns separation. The primary purpose of the elec-
tron b~am diagnostic is measurement of the time depend-
ents of the electron energy distribution during the
build-up of the photon field in the oscillator. Since
the exact time of build-up depends on various rf and
cavity considerations, provisions were made to allow
the observation window to be varied from 10 to 100 us
and to be delayed by times up to 100 IJS.

Introduction

In contrast to the Los Alamos FEL amplifier
e~periment,’,~ where operation of a FEL at moderate
to high signal level was simulated for a few nano-
seconds, the Los AlarI!osFEL oscillator’tq experiment
allows observation of the optical and electron beam
ener

Y
ever a much larger range of optical signal

leve , that ‘s, from spontaneous &mission to gain
saturation. This paper describes an electron beam
diagnostic developed to dete~mine the details of the
electron energy distribution durihg the evolution of
the optical signal. In addition, the electron beam
diagnostic is used to facilitate the tuning and
operation of the gun pulser, subharmonic bunchers, and
ttteaccelerator tanks.

The electron beam is derived from a Pulsed triode
gun that produces a macropulse consisting of a train
of Pulses 5 ns in durat~an separated by %50 ns. This
electron beam Is subsequently bunched and accelerated
to a nomi~al 20-MeV energy. The temporal character-
istics, shown in fig. 1, of the resultant beam are
macropulses with a duration of 100 MS and a l-Hz
repetition rata. Each marropulse contains a series of
micropulses of 30-Ps duration separated by 50 ns. The
peak current in the !nlcropulsesis %50A.

Fig, 1, Temp6ral characteristic of tho macrupulsc.

The experimental configuration downstream from the
wiggler is shown in fig. 2. The first component is the
slow deflector. The purpose of the slow deflector is
to deflect the beam vertically Ouring the macropulse
and thereby produce a display of the time history of
the electron energy distribution on the quartz viw
screen for a macropulse. Next in the Oeam”lineis the
fast-deflector cavity. This is an rf cav’itysoper~t-
ing in the TM11o mode, that is, with horizontal mag-
netic fields on the beam axis. As with the slow de-
flector, these fields deflect vertically and produce a
display of the time history on a micropulse time scale.
Following the fast deflection cavity are the Cliagnostic
quadruple, the spectrometer magnet, and the quartz
view screen. The quartz screen is viewed by
microchannel-plate (MCP) intensified vldicon
The MCP intensifiers are electrically gated
the isolation of a single micropulse.

gateable
cameras.
to allow

Fig. 2, Electron beam-diagnostic apparatus.

Slow-Deflector Coil

The slow deflector ramps the electron beam macro-
pulse on the quartz target t6 dfsplay the nnerg dis-

4tributim as a function of time. The slow de lectOr
consists of two coils connected in parhllel and mounteo
on a thin stainless steel tube. The peak field is
90 G. An aluminum tube surrounds the coil, provtaing
structural support and magnetic shielding for contain-
ing the deflwtor fields.

Th@ slow-deflector cofl drive produce$ a trape-
zoidal current waveform. The integrated voltage (PrO-
‘jortionalto the magnetic fl~ld) induced in a flux looP
posltiontd in the center of the coii is shown ~ff
ftg, 3. The two flat portions of the t,raceCurraspond
to the elactron beam bein
pact chamber walls, elfin natin

T “p’v’;:on::d ‘;:r ‘:J:shieldfng, ThQ sloped portion o the trace corresponds
to the sweep across the quartz tar et. Either Parkin9

#current can last from O to 10 P$ and the swedp
duration can be varied from 10 to IOOU$. The
!nductanca of the 30-cm-long coil iL 3.5 IJH. Thu
peak drive is +100Aat +100 V to -100Aat -1OOV,

——



Fig. 3. Schematic o~ beam dsflectlon
by the slow deflector.

The deflection plane is vertical (the spectrometer
energy dispersion is horizontal). With laser light
present, the evolution of electron energy and momentum
losses can be followed from spontaneous emlss~~n to
laser saturat~on, shown schematically In fig. 4. With
no laser present, the energy dispersion versus time
characterizes accelerator and buncher operation. The
diagnostic is then used as t performance monitor to
optimize gradients and phasing of the accelerator and
buncher.
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Fig, 4, Magnetic fteld 8s a function
inside the slow deflectur,

Diagnostic QuRdrupoie

of ttme

A quadruple ts tnserted just upstream of tht
mo9net{c spectrometer (~te f f 2),

!’
Tn%s quadrupol~

servas two purposos. itrst, t can adjust the axial
posttion of cithor the vw’tfcal or horizontal bepm
waist at the tar @t screwi (ft~. 5) to allow maxfmtztng

\@lth@r vertical time) rwolution or horizontal (@n@r-

?!~uratton, Second, the,quadrupo?eshifts the @f?acttvc
resolution wtthout affectin the 9sp@rhental con-

dtfl~ction point of both the slow and fast defl?ctor~
{n a mannw’ that Increasm the vertical dcf[actlon at
tha tar et screen, thus 9tvln9 better vortlcal retolu-
t!on. ?ho verttcal centrofd Shtft of the el@ctron Warn
from tho undefltctod Dosttton 18 gfvtn as a functton

o 0:8 5:4 o:a o.e t 1.8 1.4 1.6
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Fig. 5. Calculated electron beam radius at quartz
screen as a function of quadruple field.
Actual beam radius is approximately twice
as large because of beam emtttance.
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Flgo 6. Vert{cal deflection as a functtcn
of quadruple field for both de-
flector$ at quartz screen.

Gated Microchannbl-Plate Camera

A Sated MCP intensified vidicon camera provid?s
the discrimitlat{onbetween lndlv~dual micropulses and
Is capable of selectfng and ampllfytng a single micro-
pulse out of the pul$e train and of provtding data to
maximize th~ peak current. In the prtsence of a laser
fi~ld, the energy spread of a single micropulse can be
measured from onset of oscillation to saturation.

The cameras view a quartz target, The observed
l!qht from the beam ~ntertcttng with the target is due
to Csrenkov radiat!on. BeCWSQ quartz has essentially
no fluorescence tall, the lt9ht from one micropulse
wI1l not overlap (In the) with light from any othar
pulse.

Twc 14CP vlf!iconcameras vtew the quartz screen.
One cmmerawlth a wide fteld of view Is used wtth the
slow drflector. The Othqr camera with a smaller ftald
of Vfew (9reatW magntflcatton) ts Used with the faSt
aod sloudcflectors. The overall resblut{on ta ltmtted
by the ttaamspot stze and not by the camera system.
Fw the s N deflector, the maximum deflection ts
2,0 cm, At tho m~ntmum vertical waftt of 1.0 nsn,the
r~$olutlon f$ ?O:,JR:801utlon ts defined as dtfloctioo



Experimental Results

The primary purpose of this diagnostic is tomoni-
tor changes in the electron energy spectrum caused by
laser oscillation. The uncorrected electron enerqy
spectrum without oscillation is shown in fig. 7. Qual-
itative effects in the data can be shown by using image
processing techniques to produce a psuedo 3D image
(fig. 8). For quantitative measurements, a Nicolet
Model 2090 oscilloscope is used to display individual
television raster lines. The slow deflector correlates
raster lines to time during the macropulse. Any raster
lfne may be selected for display on the Nicolet; there-
fore, the electron energy spread may be displayed for
i?nypoint in time of the macropulse. Figure 9(a) and
9(b) are individual raster lines withnut and with
oscillation, respectively. Integratingover energy for
each of the raster lines gives a beam energy decrease
of 0.3 to 0.4% because of oscillation. This diagnostic
is also used to monitor beam buncher and accelerator
performance. The phase between and gradients of the
buncher and accelerators have pronounced effects on the
energy versus time presentation. Difficulties in beam
operation result in energy oscillation and energy
SIOpe, as vfellas variations ~~ beam energy spread over
the duration of the macropulse.

Fig. 7. Photograph of uncorroct~d data. Picture shows
@l@ctron-beam-generated Corankov light in
quartz slabs 0,5 rmn thick. Da~k line in
middle of pattern are slab edges that have
been coat~dwith graphite.

(b)

Fig.9, Single raster scans through data in the form
of fig, 7. Traces (a) and (b) correspond to
electron beam energy spread without and with
laser oscill~tion, respectively.
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